INTRODUCTION
Swedish nuclear plans have generated rumors over the years, catching the attention of both national and international media from time to time. 1 Questions about the status of these plans have been raised ever since the Swedish parliament decided to shelve the nuclear option with the signing of the Nonproliferation Treaty (NPT) in 1968. Why was the nuclear program terminated? How advanced were Swedish technological preparations for the production of nuclear weapons? 2 Can the Swedish case serve as a convincing example for other nations with nuclear weapons ambition to abandon them?
This article recounts, in broad terms, the history of nuclear weapons research in Sweden, its aims and results regarding technological preparations. How was research organized? With which companies and research institutions 62 Jonter in Sweden and abroad did the responsible organization, the Swedish National Defence Research Establishment (FOA), collaborate? The focus in this article is on the technical aspects of the Swedish nuclear plans, even though other aspects of a possible Swedish nuclear weapons acquisition are touched upon.
SWEDISH NUCLEAR WEAPONS PLANS, THE EARLY YEARS: 1945-1952
Sweden's nuclear-weapons research began in 1945, shortly after the first atomic bombs fell over Japan. The mission to look into the new weapon of mass destruction went to the newly established FOA. On 17 August 1945, the Supreme Commander's representative on the Council of FOA, Torsten Schmidt, requested "an account of what might currently be known about the atomic bomb." 3 The main aim of the research initiated at that time was to find out how Sweden could best protect itself against a nuclear weapon attack. However, from the outset, FOA was also commissioned to investigate the possibilities of manufacturing an atomic bomb. Leading military and the Swedish political elite maintained that nuclear weapons would be necessary for deterring the Soviet Union from attacking Sweden and for upholding Sweden's policy of political nonalignment. For example, in his memoirs the Swedish Social Democratic Prime Minister, Tage Erlander, writes that for several years in the late 1940s and early 1950s, he supported a nuclear weapons program for Sweden. 4 In November 1945, the Atomic Committee (Atomkommittén, AC) was founded. AC was an advisory committee of experts with the mission to work out plans and prioritize alternative pathways for the development of civilian nuclear energy. The committee was appointed by the government and its members represented military, industrial, political and academic interests. The initiative to establish AC came from the military, which suggests that nuclear-weapons plans played an important role in the establishment of civilian nuclear-energy research. Furthermore, five of the Atomic Committee's members were also on the board for FOA. 5 Academic research institutions had several representatives on the AC, among them the Nobel Prize winners in physics Manne Siegbahn (he received the prize in 1924) and Hannes Alfvén (he received the prize in 1970). The industry and military were represented by the director-general for the Swedish telephone company, Håkan Sterky (he was also chairman of FOA). The technical director at the Swedish company ASEA (Allmänna Svenska Elektriska AB), Ragnar Liljeblad, represented industry. Chairman of the AC was county governor Malte Jacobsson, a politician from the Social Democratic party and professor of philosophy, and the secretary, Gösta Funke, was a young physicist. 6 One of the first and more important tasks that AC gave FOA was to acquire uranium. To extract uranium from primarily Kolm-type shale in Sweden was the basis of the plan for self-sufficiency that Sweden decided to pursue early on.
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To attain self-sufficiency in nuclear matters was an obvious aim for Swedish politicians and researchers shortly after the Second World War. For this reason, Sweden chose a technology where the reactors, moderated with heavy water, could be loaded with natural uranium to be used without enrichment. Importing uranium was considered difficult given the strict U.S. export control of nuclear materials and equipment. 7 The Swedish uranium reserves, although of low grade, had been deemed as one of the richest in the western world by American and British investigations shortly after the Second World War. 8 In Department 1 at FOA, the question of uranium production was tackled at an early stage. In October 1945, the Geological Survey of Sweden (SGU) had compiled a list of possible sources of uranium in Sweden. Groups were set up at FOA to conduct further research on the issue. Collaboration was initiated with several Swedish companies and research institutions to look into the possibilities of producing uranium (the companies Boliden Gruv AB, Svenska Skifferolje AB, Wargöns AB), The Royal Institute of Technology (KTH), Chalmers University of Technology and the Universities of Uppsala and Lund. 9 In December 1945, the head of Department 1 at FOA, Gustaf Ljunggren, presented a proposal that led the way for the entire Swedish nuclear weapons program. In Ljunggren's opinion, Sweden should do the same as the United States-but the other way around. In the United States, civilian exploitation of nuclear energy was a "spin-off " of the nuclear weapons program, in which plutonium production held a central position. Ljunggren's view took the opposite approach and argued that the main aim should be the generation of nuclear energy, with plutonium production, which would make possible the manufacture of nuclear weapons as a side-effect. What Ljunggren was suggesting was to try and accommodate nuclear weapons production in the framework of civilian nuclear power. 10 Several studies were done at the beginning of 1946, such as how to start nuclear fission in a nuclear explosive device and how best to produce heavy water. 11 During the same period, a special section was established for nuclear physics investigations at Department 2 under Sigvard Eklund, who later became the second Secretary General of the International Atomic Energy Agency (IAEA) between 1961 and 1981. During the fiscal year 1947-48 there was a further expansion of activities. New services were established and a number of studies were started. One study developed different methods for the separation of plutonium but the general purpose was to create a bank of knowledge in the field of plutonium chemistry.
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In 1947, AC issued a report that led to the formation of the company AB Atomenergi (AE), which was 57 percent government owned. The company was founded with the purpose of developing civilian nuclear power. The rest of the shares were split among 24 different Swedish companies belonging mainly to the energy, mining, steel and engineering industries. 13 The members of the Atomic committee were also represented on the board of AE. A close collaboration between FOA and AE was initiated in order to work out technical and economic estimates for possible production of weapon-grade plutonium.
In February 1948, the Chief of the Defense Staff commissioned FOA to investigate nuclear weapons manufacture for the Swedish Defense Forces. The assignment included time schedules and cost estimates for the manufacture of nuclear weapons.
14 The study was completed in three months and concluded that plutonium would be preferable to uranium-235 for use as nuclear material in explosive devices, and that it was too complicated and costly to produce highly enriched uranium. Therefore, a reactor would have to be built, and the reactor of choice would be fuelled with natural uranium with graphite as the moderator. According to the study:
. . . a working hypothesis is that the needed amount of uranium is between 500 to 1000 tons, and the needed graphite a couple of thousand tons, which would in all probability give the correct size. Such a reactor would have to perform the theoretically calculated output around 0.5-1.5 million KW.
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This was considered sufficient for the production of 5-10 nuclear-explosive devices a year. It should be noted, though, that the analysis was based on technical data that are no longer considered accurate. According to the 1948 estimates, the amount of plutonium needed in a nuclear device was between 36-72 kg, a figure understood only five years later to be too high by a factor of five or greater. 16 If plutonium production such as that envisaged were to succeed at all, a large reactor would have to be built. A prerequisite for such a complex construction was that an experimental reactor would first be operated to determine how best to construct the main reactor (it might even be necessary to build an intermediate experimental reactor in order for a project of this magnitude to succeed, according to the authors of the report). 17 A further prerequisite for the program outlined was access to nuclear materials, especially uranium and the required quantity of graphite. 18 According to the study, it would take about eight years, probably longer, to produce a nuclear weapon once the equipment was in place. 19 FOA estimated that this program would cost SEK 450 million, $1 billion (2008$), this did not include the costs of the build-up time of three to four years. The time schedule assumed that the required manpower would be available, that it would be possible to obtain the required nuclear materials, and that the reactors could be built as planned.
In 1949, a more extensive collaboration agreement was concluded dividing continued research and development work between FOA and AE. 20 In general terms, the agreement specified that FOA should be responsible for the overall nuclear weapons research, and specifically, in charge of the construction of a nuclear device and the studies of its effects. It was AE's responsibility to deliver basic information on the possible production of weapon-grade plutonium and to investigate the possibilities of production or procurement of heavy water without inspections by the supplying country. AE was also to build
The Swedish Plans to Acquire Nuclear Weapons, 1945-1968 65 Figure 1 : This figure describes in a simplified form how the co-operation between FOA and AE was planned in a possible manufacture of nuclear weapons. AE was responsible for the production of uranium and fuel elements, the procurement of inspection-free heavy water and the design of reactors and a reprocessing plant in order to enable a production of weapons-grade plutonium. AE's responsibility extended to the point where weapons grade plutonium was produced. Further steps, until the nuclear weapons were manufactured, were FOA's responsibility.
reactors and a reprocessing plant capable of producing weapon-grade plutonium if a decision to do so was later made. In other words, the civil nuclear energy program should be designed in such a way that it could include the manufacture of nuclear weapons (Figure 1 ).
The division of responsibilities was not meant to draw a clear line between civilian and military activities. The division of work was instead made in order to economize on the limited resources of the country. 21 Also, the cooperation between the AE and the Military can be understood in terms of developing new expertise.
It is important to stress that AE intended to produce plutonium even if Sweden decided not to manufacture nuclear weapons (except that the plutonium so produced would not be of weapon-grade quality). Although the basic technique of producing plutonium is the same for both military and civilian use, the plutonium to be used in a nuclear weapons device ideally contains 93 percent or more of plutonium 239. 22 In order to produce plutonium of this weapons-grade quality, special re-fueling arrangements are required to keep the fuel burn-up low. It is noteworthy that the plutonium research at FOA and AE were complementary. FOA, for example, was especially interested in plutonium in the metallic form suitable for use in a nuclear weapon, while the AE focused on developing methods to separate plutonium from uranium and fission products (reprocessing) in order to allow the plutonium to be used as fuel in the reactors (plutonium recycling). This procedure would enable a more efficient use of the natural uranium.
COOPERATION WITH OTHER STATES
Sweden looked to cooperate with other states in the field of nuclear research during this first phase. In the years following World War II, Swedish scientists sought contacts with the most-developed nuclear country in the world, the United States. The U.S. policy towards Sweden during the period 1945-1952 can be characterized by two objectives. First, to discourage the Swedes from exploiting their uranium, especially for military aims. Second, to prevent Sweden from acquiring highly enriched uranium, technical know-how, and advanced equipment that could be used in the production of nuclear weapons. Between 1945 and 1948, U.S. policy was very firm and restrictive. The United States Atomic Energy Commission (AEC) issued licenses for use of these products within the United States and for export to other countries. 23 However, not all equipment and nuclear material were subject to export bans. In certain areas, friendly states could be assisted with research devoted to civilian nuclear energy. This restrictive policy had its price. During the spring and summer of 1949, several diplomatic reports from the U.S. embassy in Sweden described how Swedish nuclear scientists were looking for nuclear cooperation from the United Kingdom. For example, rumors circulated that the Swedish chemist, The Swedberg, Nobel Prize winner in chemistry, had been in contact with British scientists in order to get access to important research information and nuclear material. In addition, FOA and AE had sought to purchase heavy water in Norway, and Sweden had initiated cooperation with the French nuclear science establishment in the planning of the construction of Sweden's first reactor. 24 
THE PERIOD 1953-1959
It would take an additional five years before the next major FOA study would be ready. 25 The assignment from FOA had gone to Sigvard Eklund, the head of research at AB Atomenergi. The new FOA study concluded that the 1948 study was correct in assuming that plutonium was preferable to uranium-235 in the pathway to explosive nuclear devices. In the production of plutonium, the 1953 study concluded, however, that heavy water was preferable to graphite as a moderator. Another change was that each nuclear explosive device had to be loaded with 8-15 kg of plutonium, far less than the calculated 36 to 72 kg in the 1948 study. With this new calculation, the target plutonium production figure was set at between 30-80 kg per year. The 1953 study presented two production alternatives. Alternative I considered the production of 1-3 nuclear explosive devices per year with a reactor capacity of 75 megawatt thermal (MWt). Alternative II envisioned the production of 3-5 nuclear explosive devices per year with a reactor capacity of 150 MWt (Table 1 ). In this case two reactors would have to be built, since, as far as was known, no reactor moderated with heavy water with a higher rating than 75 MWt had been built anywhere in the world. The intention was to use domestic uranium. AE had experimental production running and expected soon to start factory production of five tons of uranium per year. According to the report, it would be possible to double production after a few years. Converting the raw uranium concentrate into metallic uranium was a technically demanding process. Despite these difficulties Eklund felt that the time schedule could be met.
Heavy water could preferably be imported from Norway, the head of research at AE asserted in the 1953 FOA study. Norwegian production was 7 tons per year, but it was estimated that this could be increased to 15 tons. This meant that the amount required for Alternative I could be met from Norway in three years, and the maximum amount in Alternative II in six years. However, there were no guarantees that Norway would meet the Swedish requirements, which appeared to argue for more secure but also more time-consuming domestic production. If Alternative II were selected, it was estimated that a second reactor could be ready in 1963. The estimated cost was SEK 378 million, $632 million (2008$) and the annual cost SEK 41 million, $51 million (2008$). For this project to succeed, an organization of at least 500 people would be needed.
THE SWEDISH NUCLEAR-WEAPONS DEBATE STARTS
Plans for Swedish nuclear weapon development began to be discussed openly around the mid 1950s. Earlier it had been a question confined to a small circle of politicians, military officers and scientists. A serious debate started, however, following a study by the supreme commander presented in 1954. In it he suggested that Sweden obtain nuclear weapons in order to uphold its non-aligned policy. 27 The first parliamentary debate on nuclear weapon was held in May 1954, shortly after the first U.S. hydrogen bomb test. In the debate, Prime Minister Tage Erlander acknowledged that Sweden was conducting research on how to protect itself from nuclear weapons. However, he did not openly admit that FOA was also conducting research on possible Swedish nuclear weapons production. Erlander also said, in light of the U.S. hydrogen bomb test that he was hoping for international agreements on disarmament to be reached at the United Nations.
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In 1954, Sweden's first reactor R-1 went into operation, located 15 meters down a rock cavern at the Royal Institute of Technology in the central part of Stockholm (this was long before Three-Mile Island and Chernobyl). The reactor was not, however, loaded with uranium produced in Sweden, as such production of industry scale had not yet been started. Instead, AE had borrowed three tons of uranium from the French Commissariatá l'Energie Atomique (CEA). It was decided that the reactor should be moderated with heavy water (five tons were imported from Norway) even though graphite was also considered to be technically possible. The choice of heavy water was natural because this particular technology demanded less uranium. 29 The head of the physics department, Sigvard Eklund, was in charge of the reactor project. Eklund used his international network contacts, particularly with the French, in the planning and construction of R-1. The American reactor CP-3 in Chicago served as a model for the first reactor and had an output of 1 MWt. 30 R-1 was mainly a training facility.
During 1954 and 1955, Department 1 at FOA put a large effort into working out plans and cost calculations for the separation of plutonium. 31 In a proposal for a work program, the researcher Jan Rydberg described the level of knowledge in Sweden concerning the isolation of plutonium.
32 By studying foreign publications and through contacts between Swedish and foreign scientists, Rydberg was able to conclude that, "The information we in Sweden currently possess about the chemistry of plutonium, suitable separation methods and the appearance of the technical plant is exceptional." 33 And one consequence of this was that Sweden was, ". . .in an entirely different knowledge situation than USA and Russia once were, and it is not unlikely that this also applies compared with Britain in 1946." This was followed by a time schedule showing how work should proceed in order to get plutonium production started. It was calculated that plutonium production would start in 1960/61, provided that everything worked as planned. 36 Experts from universities and institutes of technology had been consulted as well as researchers and engineers from FOA and AE.
The study is a good illustration of how rapidly development took place during this period. Swedish research constantly produced new knowledge, and the Geneva Conference had recently taken place, where the United States released previously classified information to collaborating countries under the "Atoms for Peace" program that was launched by President Eisenhower in 1953. The "Atoms for Peace" program was a gigantic global cooperation project to develop civilian nuclear energy in the world and simultaneously prevent the participating states from producing nuclear weapons. States which promised not to acquire nuclear weapons should be supported in order to develop their civilian nuclear energy. They could borrow or buy fissile material and nuclear equipment on attractive conditions regulated by bilateral cooperation agreements between, on one side the United States, or the Soviet Union and receiving states on the other. An outcome of this cooperation program was the creation of the IAEA in 1957. 37 As was the case with the previous studies, the 1955 report considered the plutonium route to nuclear weapons to be a better alternative than uranium-235. Firstly, reactors could be built which could be used for both nuclear weapons manufacture and energy production. Such a solution was considered to be financially more attractive. To this end, Sweden's scarce personnel resources in the nuclear energy field could be used more efficiently. Thirdly, it was also possible to make progress with civilian energy development, even if Sweden decided not to manufacture nuclear weapons.
In the 1955 report, the capacity to manufacture nuclear weapons had become clearer in comparison with the report released two years earlier. Now a nuclear weapon weighing only about 100 kg was being discussed, far lighter than FOA had previously envisaged. The devices, tactical nuclear weapons, were regarded as transportable and could be used in both missiles and torpedoes. They could even be fired from a gun according to the study. Each individual bomb would contain 6 kg of plutonium. The figures were not exact, and it was realized that they might have to be revised in the light of further research (Table 2) . 38 The study predicted it would take 8-10 years to produce the nuclear weapons, if the plans outlined above were achieved, possibly two years sooner if the plans were accelerated. The study also states that in order to achieve the set goals, several steps should be taken at once. For example, more intensive research into the design and operation of nuclear weapons would have to be started, initially at FOA with the involvement of external experts. The 1955 study established that it was technically possible from then on to produce a Swedish nuclear weapon, given access to plutonium. Technically the plutonium challenge had been met. It was equally clear to FOA what steps would have to be taken in a production process and approximately what the project as a whole would cost in the form of capital and scientific and technical expertise.
Following the Geneva Conference of 1955, Sweden was eager to gain access to formerly classified technical information and products previously banned from export in the United States. However, the policy of United States from the beginning was oriented to prevent Sweden from acquiring nuclear weapons. The Americans feared that if a peaceful and democratic country such as Sweden, which moreover enjoyed a stable security political situation, were to acquire nuclear weapons, the risk of further nuclear weapons proliferation in the world would increase substantially. The U.S. officials responsible for nuclear energy matters were strict on having all future cooperation go through the channels that had been decided upon by the AEC. The eagerness of the Swedish researchers and technicians to develop Swedish nuclear energy using highly enriched uranium imported from the United States put Washington in the position of being able to exploit Sweden's nuclear material related dependency. As Swedish nuclear research and development became more dependent on American assistance and collaboration, the more the United States could use its leverage to steer away Sweden from its nuclear weapons plans. 39 For example, in 1956, the United States and Sweden signed an agreement on civilian nuclear energy cooperation. The two parties agreed to exchange information regarding the construction, operation and development of research reactors. The United States pledged to deliver up to 6 kilograms of uranium-235 in uranium enriched to a maximum of 20 percent, with possible further quantities to be delivered if they were deemed necessary by AEC for the continued effective operation of the reactors. The Swedish government committed itself to providing the AEC with information regarding nuclear energy developments in
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Sweden. The agreement forbade Sweden from using equipment and materials to develop nuclear weapons. 40 The United States lowered the price of enriched uranium at the end of the 1950s, which reduced the fuel costs for running light water facilities. This enabled private companies in states such as Sweden to start investing in light water technology, since they did not need to spend fortunes on developing methods for enriching or processing uranium themselves. The light water technology was promoted as more economically favorable and reliable than the heavy water system. This action had constraining effects on the government controlled nuclear energy policy in Sweden.
THE LAUNCHING OF THE "SWEDISH LINE"
The ten years following the first decision to initiate nuclear-weapons research and the creation of the Atomic Commission in 1945 were dynamic, with many nuclear infrastructure development projects for Sweden. AC had worked out plans as to how the Swedish nuclear program should be designed. In addition, one reactor and several research facilities for uranium and heavy water production and plutonium research had been established. However, the Swedish parliament had not yet decided to launch the nuclear program. In 1956, the decision was taken in the Swedish parliament to carry out the heavy water program aimed at producing reactors loaded with natural uranium. The program was called "the Swedish line," and was one of the largest industrial projects in Swedish history. Under the supervision of the mainly government-owned AB Atomenergi, 5-6 reactors, uranium processing and fuel fabrication facilities were planned. 41 In order to reach all of these goals, AE was designated to invest and allocate capital to promote education, research and development of a basic nuclear infrastructure, and to make sure that different sectors of Swedish society participated. Private companies would build reactors and other facilities, but the critical decisions would remain the government's responsibility. 42 In May of 1957, the Supreme Commander gave FOA the task of carrying out a new study of the possibilities to produce nuclear weapons focused on the plutonium option. A political decision, yes or no to nuclear weapons, would soon have to be made and it was essential that the information used to make this decision be as broad as possible.
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The study should be conducted in two stages. The aim of the first stage was to produce a more general and approximate estimation of possible nuclear weapons manufacture before the end of the year. The second stage would contain more detailed results and, as the assignment states, "the necessary schematic design proposals." This stage (or at least the essential parts of it) should be completed no later than 1 June 1958. 44 In January 1958, AE completed a partial report on the choice of reactors for a Swedish nuclear weapons program. In the report, AE favored a separate reactor for the production of plutonium for weapons use only. Such a solution would be technically and economically preferable compared to a reactor for both civilian and military use. There were many reasons for this, according to AE. One of the main ones was that a dual-purpose reactor would have to undergo frequent fuel changes, which was a complication. In addition, such a reactor would give rise to a number of technical and scientific problems such as lower pressure and temperature. 45 On 1 July 1958, AE issued its second report concerning the choice of reactors for the production of plutonium of weapons-grade quality. The report dealt with the manufacturing costs for weapons-grade plutonium for fuel elements canned in aluminium. Additionally, cost estimates were made for the reactor and reprocessing plant, the manufacture of metallic plutonium and waste disposal. 46 Two reactors were of special interest in this respect: the Agesta Nuclear Power Station south of Stockholm and Marviken close to the city of Norrköping.Ågesta Power Station went into operation in 1963. The reactor was a prototype facility with an output of 65 MWt, from which 55 MW was used for heating the Stockholm suburb Farsta and 10 MW for electricity generation. TheÅgesta Nuclear Power Station was closed down in 1974 for economic reasons. The Marviken power station was built but did not go into operation. The Marviken project was eventually abandoned in 1970.
SWEDISH PARLIAMENT DECIDES NOT TO DECIDE ON NUCLEAR WEAPONS PROGRAM
By 1958, Swedish nuclear-weapons research had reached a point where a political decision could be made. Two studies were presented to the parliament for consideration. One, known as the "device program," would be followed if Sweden chose to acquire nuclear weapons; the other, the protection program, would be implemented if parliament said no to nuclear weapons.
The device program did not differ greatly from the 1957 study. However, there were two significant changes. First, the United States and Great Britain had begun to publish data from experiments with fast reactors, which meant that less effort had to be channeled into that area of the activity. Second, it was decided that more work needed to be done on plutonium metallurgy.
It was calculated that 10 kg of plutonium could be ready in 1965, provided that plans were implemented in July 1959, a delay of two years compared with the 1957 study. A finished prototype of a Swedish nuclear weapon could see the light of day in 1966.
As the protection program states, it was intended to cover defense research for Sweden to be able to protect and defend itself against a nuclear enemy. The goal of this research was to obtain knowledge of an aggressor's nuclear weapons system so that the Swedish defense force could be configured in the best possible way. 47 The Swedish Plans to Acquire Nuclear Weapons, 1945 Weapons, -1968 
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In the parliamentary debate that preceded the approval of the bill, international developments regarding nuclear weapons was the rationale for postponement. Sweden should study security policy and concurrently conduct protection research at the same time. This policy would ensure that Sweden would not lose ground if the international situation became more threatening and the policy analysis favored Swedish nuclear weapons. 48 What effect did the growing political opposition against the nuclear weapons plans have on Prime Minister Erlander? The evidence indicates that he began to have doubts about equipping the Swedish military with nuclear weapons as early as 1957. Beginning on 1 January 1957, Sweden was seated on the U.N. Security Council, with membership on the committee charged with nuclear disarmament issues. As early as January, 1957, Sweden advanced a proposal for a nuclear test moratorium. Foreign Minister Undén worked energetically to promote international disarmament during the next few years, greatly influencing public opinion in Sweden and also Erlander himself. 49 This is not to say that Erlander came out publicly against the acquisition of nuclear weapons, nor even within the inner circle of social democratic leaders. Erlander prioritized the achievement of broad political consensus on the nuclear weapons issue, which meant that the social democratic party would decide the matter together with the centrist and right-wing parties. With his middle position, Erlander encouraged grassroots opposition towards Swedish nuclear weapons, and this provided Undén and other skeptical politicians and others the opportunity to organize political grassroots campaigns against the idea. At the same time, Erlander worked to achieve a postponement of the crucial decision, thus allowing continued weapons related research. The concept of protection research served, for practical purposes, as a cover for the continuation of technical preparations. There were limits, however, in regard to how far FOA would be allowed to proceed with its preparatory work. Within the framework of the defense research that had been approved, what was allowed in practice? FOA would struggle with that question over next few years.
December 1959 saw the completion of an important report, which in many respects pointed the way to future protection research. The report was submitted by a committee of the Social Democratic Party Council for the study of the nuclear weapons issue. 50 The young and promising politician, Olof Palme, who was to succeed Erlander as prime minister in 1969, was a member of the committee, and is presumed to have been the main author. Both proponents and opponents of Swedish nuclear weapons were represented in the group. In this respect, the committee membership reflected Erlander's strategy of allowing both sides to have a say on the issue. It can also be argued that Erlander had by now more or less changed his mind and was no longer in favor of acquiring nuclear weapons. With opponents mobilizing opposition towards the plans during the postponement period, it was assumed that public opinion was leaning more and more in the direction of a "no" to Swedish nuclear weapons. While allowing public debate and campaigns against the plans to continue unabated, Erlander was in a position to say to proponents of the plans that research would be allowed to continue but that, in the end, international developments in the area of nuclear nonproliferation would determine the decision for or against nuclear weapons acquisition. The study was far-reaching and discussed various technical solutions in relation to the possible production of nuclear weapons. Like Parliament in July 1958, the committee of the Social Democratic Party Council took the view that the future security political situation would determine whether or not Sweden should acquire nuclear weapons. The analysis concluded that Sweden had breathing room until at least the mid-1960s, when international developments would guide decision making. In the meantime, defense research should continue. It is clear from the report of the committee of the Social Democratic Party Council that it was difficult to draw a precise boundary between protection and design research. Nevertheless, the report specified that no design research aimed directly at the manufacture of nuclear weapons should be carried out. In addition, weapons-grade plutonium may not be used in the context of future protection research. However, in practice, FOA would carry out studies on design research and made cost calculations on the possible production of nuclear weapons in the coming years.
THE PERIOD 1960-1968
During 1960 and 1961, several studies were completed at AE relating to the cost and personnel requirements for the production of weapons-grade plutonium. One option was to produce plutonium using a dual-purpose reactor for weapons-grade production, i.e., within the civilian nuclear power program, or to use a strictly military production reactor with no connection to the civilian program. 51 All the studies arrived at the same conclusion, namely that the costs would be drastically lower using only a military reactor. Against this backdrop, it is important to note that in the beginning of 1960s the light water reactor technology was introduced on the international market as an economically favorable and reliable reactor system compared to heavy-water technology. The main reason for this was the lowering of the prices of enriched uranium in the United States, which reduced the fuel costs for light water facilities.
Because of these changing prerequisites for heavy-water reactors which could in principle use domestic uranium, a study was carried out by the Atomic Commission's successor, the Delegation of Atomic Energy Issues (DFA), in 1959, to analyze the prospects for the "Swedish line." The investigation concluded that Swedish production of uranium was estimated to cost 70 percent more than uranium imported from the United States. Some of the experts in DFA, who by and large represented industry, were in favor of importing
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Despite the attraction of light water reactor technology, a majority of the members of the DFA recommended that the "Swedish line" be continued to promote self-sufficiency. One argument was that investments had already been made in facilities and research such as AE's uranium production plant at Kvarntorp, which went into operation in 1953. Another argument was that Sweden should maintain its option to produce nuclear weapons. Reactors loaded with enriched uranium from United States (which would imply restrictions in the form of U.S. inspections) could not be used for production of weapon-grade plutonium. This was not officially expressed since the research on nuclear weapons was highly secret. Even though it was decided that the planned heavy water reactors R-3 inÅgesta and R-4 in Marviken should be built and loaded with domestic natural uranium, it was obvious that a conflict had arisen between private industry's incentives for low production costs and the government's intention to keep some freedom of action, including possible nuclear weapons manufacture. This conflict would grow during the following years.
During 1961, the Swedish military command was formulating of a new defense plan. The formerly strong consensus, within the military, in favor of equipping the Swedish defense forces with nuclear weapons was now beginning to disintegrate. There were several reasons for this new disunity. One was the competition among different branches of the armed services. The army and the navy feared that they would lose out in the struggle for budget appropriations; the air force was expected to be awarded the bulk of additional nuclear related budgetary resources since the nuclear weapons were primarily to be mounted on aircraft. But even within the air force there were growing doubts about the advantages of possessing nuclear weapons. The air force had other costly projects to defend, among them the development of a new fighter aircraft. If the nuclear weapons plans were realized, these important projects might be abandoned. Because of this intra-military disunity, the nuclear weapons issue was not dealt with specifically in the defense reviewÖB-62. Instead, the matter was delegated to a special, secret review board, the so-called Nuclear Device Group, a move that enabled the military command to maintain a united front. 53 In February 1962, the Nuclear Device Group presented its findings. In the published report, the Group observed that the nuclear weapons doctrine of massive retaliation, which had been in force up to then, was no longer operative. The Kennedy administration had put forward new ideas about the importance of conventional weaponry in a possible future war. It was no longer deemed likely that nuclear weapons would be used for the purpose of causing massive devastation of enemy territory in the initial stages of a new war. Nuclear weapons would, on this view, be used on a smaller scale based on assessments of the immediate situation. This new doctrine would later be coined flexible response. TheÖB-62 report also advocated enhancement and expansion of Sweden's conventional military forces and capability, since an attack against Sweden would likely be carried out with conventional weaponry. The report maintained that Swedish nuclear weapons remained a viable option, but for practical purposes even the military was now discounting this possibility. 54 For practical purposes, the report's findings implied a retreat from the military's previously maintained hard line, which said that Sweden's defense forces must be equipped with nuclear weapons in order to achieve the requisite strike capability and deterring capacity. Despite this apparent retreat, however, the report still underscored the importance of maintaining all available options and attention was still focused on the possible production of tactical weaponry. Against this background different solutions were discussed. If a pure weapons program were undertaken, production time would be shortened considerably. But since the intention was that a possible nuclear weapons program would be accommodated within the framework of civilian development work, it would take far longer. For this reason, the authors of the study proposed a gradual process of acquisition of nuclear weapons capability:
Such an approach would mean postponing a definitive decision until devices could be added to the organisation relatively quickly, but it assumes that all necessary measures are taken to prepare for rapid acquisition-including research into the construction of the necessary plant. These measures must not pre-empt the definitive decision, only facilitate the elaboration of a flexible security policy. However, this may mean exploiting the civilian atomic energy programme to a greater extent than would be economical from the point of view of pure acquisition. 55 Previous reports had calculated that the first nuclear explosive device could be ready in 1966. But the delay in the civilian nuclear energy program had pushed this date back to 1972. Admittedly, the lost time could be limited to two or three years, if inspection-free heavy water were to be ordered more or less immediately. Some design problems still remained unsolved. But the overall picture was sufficiently understood to allow the development of a warhead with a yield in the 5-50 kiloton range.
Attention was still focused on tactical nuclear weaponry-there were plans for 100 such devices, the first of which could appear in 1972, unless steps were taken to accelerate the process. The Nuclear Device Group had the A-32 Lansen attack aircraft in mind when considering the choice of weapon carrier. The Lansen could easily be modified to carry nuclear bombs and missiles. The A-37 Viggen attack aircraft, production of which was planned to begin at the end of the 1960s, could be fitted with similar weapons. The report concluded
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The Marviken reactor was regarded as the best site for plutonium production. In time, however, this choice could give rise to problems with the United States. In light of developments in the civilian nuclear power field, it was likely that the first fuel loading at Marviken would probably consist of enriched uranium of U.S. origin. Enriched uranium was inexpensive in the United States, and Swedish industry would never have accepted the large investments needed for enriching natural domestic uranium. On the other hand, the use of U.S. uranium would mean accepting inspection requirements, which would prevent the uranium in question from being used for weapons purposes. Of course, subsequent fuel loadings could incorporate Swedish natural uranium, but the question of how the United States might react to such a step arose. 56 Using Marviken depended on the availability of inspection-free heavy water:
We must therefore as soon as possible reach an agreement with Norway to import the necessary amount without conditions or decide to start the manufacture of Swedish heavy water.
Another precondition was that it should be possible to set up a reprocessing plant. The civilian nuclear energy program was not expected to need one before 1975. For this reason, continued planning should take into account the need to build a reprocessing plant to avoid further delays. The total costs of the planned nuclear weapons program for 100 devices were calculated for three options:
1. If a pure plutonium-producing reactor (single-use) were chosen, and if attack squadrons were used as weapon carriers, the cost would be SEK 1115 million, $1.4 billion (2008$).
2. If the Marviken reactor (dual-use) were used to produce plutonium with aluminium-encased fuel elements, and if the weapon carriers were missiles, the cost would be SEK 1812 million, $2.3 billion (2008$).
3. If the Marviken reactor (dual-use) with zircaloy-encased fuel elements were chosen, and attack squadrons, missiles and submarines were used as weapon carriers, the total cost would be SEK 1988 million, $2.5 billion (2008$).
If the program with 100 tactical nuclear weapons was carried out during the period 1965-1975, the total cost would be about 5 percent of the entire budget of the Swedish defense force. If a program were initiated in 1964/1965 with planned completion between 1979 and 1980, this would correspond to 2.7 percent of the entire military budget during this period. In the light of these figures, the report concluded that a nuclear weapon program could be managed within the framework of the budgets proposed in the Supreme Commander's defense study (ÖB 62) , with no risk of significant reductions in other weapon systems.
At a meeting at the Chief of the defense staff, it emerged that, despite the recommendations of the nuclear device group, most of the indications were that Marviken should be loaded with enriched uranium, instead of natural uranium as planned. This was mainly for financial reasons, according to the memorandum of the meeting. And if this were to be done, the consequence would be that the enriched uranium would have to be imported from the United States, which in turn gave the United States the right of inspection. Consequently Marviken could not be used for nuclear weapons production. The reactor could in fact be loaded with natural uranium at a later date, but this would lead both to delays and to far higher costs. In addition, such a procedure might attract attention, since it could hardly be concealed. 57 
POLICY TAKES A FIRM POSITION
In parallel with the expanding nuclear cooperation between Sweden and the United States, a close collaboration in defense policy emerged between the two states during the 1950s. This cooperation was very sensitive for Sweden because of its non-alignment policy. In official communications during the Cold War, successive Swedish governments asserted that no military cooperation was taking place with either NATO or the United States. But research and official investigations carried out since the end of the cold war have revealed that Sweden in fact pursued far-reaching cooperation with the Western European powers and the United States ever since the late 1940s. In 1952 and 1962, respectively, two agreements were signed between Sweden and the United States regarding cooperation in the area of Military technology. For example, the Swedish army bought and manufactured under license several U.S. robot systems, such as the Falcon, the Sidewinder and the Hawk. The increasingly close cooperation between the two states in the area of military technology led to the use of formal and, primarily, informal channels to communicate what was permissible for Sweden if it wished to see this cooperation continue. 58 The more Sweden's nuclear related R&D became dependent on U.S. military assistance and collaboration, the more the United States could use its superiority to steer Sweden away from its nuclear weapons plans. This factor is also probably decisive in changing the Swedish military command's perspective on the plans to equipping the Swedish defense with nuclear weapons.
On April 6, 1960 , the U.S. National Security Council (NSC) decided what policy should be pursued towards Sweden's nuclear weapons plans. 59 In the NSC policy guidance from 1960, it is clear that the Swedish neutral position is accepted by the United States and is even deemed a positive factor for the United States and NATO:
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Under the present circumstances, Sweden's membership in NATO is not necessary to Western defense. It would contribute to the over-all defensive strength of the Western powers for Sweden to modernize its defense posture and to establish in Sweden an early warning air control and advanced weapons systems (without nuclear warheads) which are compatible with and complementary to those planned for installation in the territory of neighboring U.S. allies.
In other words, the United States wished to assist Sweden in building up a stronger conventional defense capability and thereby integrating Sweden into the NATO framework. Against this backdrop, it would be unwise for Sweden to exhaust its limited financial and technical resources in order to acquire nuclear weapons since such weapons already existed within NATO. Therefore the NSC now took a firm position on the Swedish inquires about the purchase or other possible use of U.S. nuclear warheads, while also discouraging the Swedes from manufacturing their own nuclear weapons:
. . . do not provide nuclear warheads; and discourage Sweden from producing its own nuclear weapons.
Even though a decision not to provide the Swedes with U.S. warheads might lead to more serious plans to manufacture nuclear weapons in Sweden, it was not deemed likely since such a nuclear weapons program would be exceedingly costly for a small country like Sweden, the NSC concluded. Furthermore, such a Swedish weapons program would be dependent on American goodwill and assistance, i.e., certain materials and advanced equipment would have to be imported from the United States.
THE NUCLEAR WEAPONS OPTION IS ABANDONED
Throughout the 1960s, FOA and AE continued to explore various reactor options, including those that would produce weapon-grade plutonium. And, in parallel, from the mid to the late 1960s, the United States, Soviet Union, and other nuclear weapon states were developing and eventually negotiating an NPT, which binds non-weapon states to remain non-weapon in the future.
The conflict between Swedish civilian and military objectives became more pronounced as economic realities arose. In 1965, the first Swedish order was placed for a commercial power reactor station based on light water technology. ASEA should manufacture a light water reactor with an output of 400 MW to the planned nuclear power plant Oskarshamn 1, belonging to the Oskarshamnsverkens Kraftgrupp AB (a private consortium). The following year the Swedish government signed an agreement with the United States concerning a purchase of enriched uranium. The agreement was to be in force for 30 years, and accordingly it was in effect until its expiration in 1996. This meant that a strictly military reactor program has to be built if Sweden wanted to produce nuclear weapons. 60 For this reason the military leadership felt it would be forced to pursue a policy of phased procurement, if the policy of freedom of action was to be sustained. During the late autumn of 1965, the chief of defense staff requested FOA to investigate alternative research plans in order to carry out such phased procurement. 61 FOA worked out a plan in the budget proposals for 1966, which enabled it to meet these requirements. The government rejected this policy, however, in its 1966 plans, and thus the Swedish nuclear weapons planning was, in practice, terminated. 62 A drastic reduction of FOA's nuclear weapons research activity followed. AE's planning for uranium production at Ranstad ceased, as did plans for a reprocessing plant on a site already purchased in Bohuslän on the west coast. It was stated in the government's defense proposals for 1968 that acquiring nuclear weapons was not in line with Sweden's interests. Parliament agreed, and thus the policy of freedom of action was removed from the field of security activities.
It was with this background that the government decided in August 1968 to sign the NPT. The government-controlled AB Atomenergi (AE), which by and large dominated "the Swedish line," was also dissolved in 1968 and its resources were transferred to the new private company ASEA-ATOM (owned by the Swedish multinational corporation ASEA). As a consequence, "the Swedish line" and its ambition to reach independence in the nuclear energy field was now abolished and replaced by the light water reactor technology. Swedish nuclear weapons aspirations were now definitely dead and buried.
How far had FOA progressed in its research by the time the nuclear weapons plans were abandoned? In principle, and from a technical point of view, FOA knew exactly what to do and had the reactors and materials to do it. However, there were also some important ingredients missing from a functioning production chain, namely a reprocessing facility and more inspectionfree heavy water. Technically it would have been possible to manufacture a single nuclear explosive device given sufficient plutonium of weapons-grade quality, but a single device would not have constituted a full weapons program. By all accounts the planned program would have included about 100 nuclear warheads. Within the framework of such a large-scale serial production program, it would probably have taken Sweden several years to manufacture its first nuclear device.
CONCLUSIONS
The FOA performed five main studies on the manufacture of nuclear weapons between 1945 and 1968, the year when the Swedish government signed the NPT effectively ending Sweden's nuclear weapon program. These technological research studies were completed in 1948, 1953, 1955, 1957 and 1965, The Swedish Plans to Acquire Nuclear Weapons, 1945-1968 81 which together expanded the Swedish know-how to produce a bomb. It can be argued that Sweden, in principle, already had the technical knowledge and components to produce nuclear weapons by the mid-1950s, if the state had access to enough plutonium, though research in later years suggested that this may have been an overly optimistic view. This research pointed to technical problems with arranging the production of nuclear weapons according to the guidelines suggested in the 1955 study. Nevertheless, Sweden by the mid 1950s had already completed intensive research aimed directly at producing nuclear weapons and had ample scientific and technical expertise. It had, as well, a working research reactor and sufficient uranium resources to sustain a limited weapon program.
Do the activities between 1945 and 1968 constitute a nuclear weapons program? Alternatively, were all these activities just part of plans carried out on a theoretical level, since a decision was never taken by the government and the parliament to go ahead? From a strict, formal point of view, they were only plans, because no decision to start a serial production of nuclear weapons was taken. In this strict, formal interpretation, the Swedish case only covered research, planning and experimental evaluations. But if we take into account the whole concept to place the military manufacture within the framework of civilian development of nuclear energy, it could be argued that it was indeed a program. A uranium plant and a fuel fabrication facility were already in operation, at least two reactors capable of production of weapons-grade plutonium were built (Ågesta and Marviken), Sweden had about 50 tons of inspection-free heavy water at its disposal (an additional 50 tons were needed), 63 and several arrangements to equip Swedish-built jet attack aircrafts with nuclear weapons had been conducted.
So, how important were the technical reasons for the Swedish cessation of nuclear weapons plans? This question has to be answered in the context of other possible reasons.
It became increasingly clear to policy makers that integration between civilian and military goals would be difficult and costly. This made possible the mobilization of political opposition against nuclear weapons, with public opinion and parliamentary discussions moving gradually in the direction of rejecting nuclear weapons. In the beginning of the 1950s, Prime Minister Tage Erlander and many leading Social Democrats were in favor of these nuclear plans, and so was the majority of Swedes according to polls. However, in the 1960s Prime Minister Erlander and many in the Social Democratic power elite had changed their minds, and had become increasingly skeptical about the wisdom of equipping the Swedish defense force with nuclear weapons. The polls from the 1960s also reflected a rising public opposition to nuclear weapons. In addition, a grass-root movement against the weapons plans was founded in the end of 1950s, "Aktionsgruppen mot svenska atomvapen" (the action group against Swedish atomic bombs), and became very successful in its struggle against Swedish nuclear weapon plans. 64 Secondly, the international disarmament discussions and the nonproliferation norms emerging from the mid-1950s onwards and leading in 1968 to the NPT also affected the Swedish public debate and strengthened the arguments against Swedish nuclear weapons acquisition. From the mid-1950s, and especially during the 1960s, Sweden became increasingly involved in the international efforts to halt the spread of nuclear weapons. In the United Nations, Sweden advanced proposals aimed at creating nuclear weapon free zones and achieving nuclear disarmament. This policy meant that the technical progress in the direction of making domestic production of nuclear weapons feasible was to be weighed against international developments in the nuclear disarmament area. In plain language this meant that if the international negotiations were unsuccessful, the policy of postponing the decision would no longer be followed.
Thirdly, as a consequence of integrating the production of nuclear weapons within the civilian nuclear energy program, Sweden, despite contrary intentions, grew dependent on U.S. technology. This technological dependence vis-à-vis the United States increased over the years and provided the United States with leverage to dissuade Sweden from using its civilian program for producing weapon-grade plutonium.
